Abstract Infrared asymptotic behavior of a scalar field, passively advected by a random shear flow, is studied by means of the field theoretic renormalization group and the operator product expansion. The advecting velocity is Gaussian, white in time, with correlation function of the form
, where k ⊥ = |k ⊥ | and k ⊥ is the component of the wave vector, perpendicular to the distinguished direction ('direction of the flow')-the ddimensional generalization of the ensemble introduced by Avellaneda and Majda (Commun. Math. Phys. 131:381, 1990 ). The structure functions of the scalar field in the infrared range exhibit scaling behavior with exactly known critical dimensions. It is strongly anisotropic in the sense that the dimensions related to the directions parallel and perpendicular to the flow are essentially different. In contrast to the isotropic Kraichnan's rapid-change model, the structure functions show no anomalous (multi)scaling and have finite limits when the integral turbulence scale tends to infinity. On the contrary, the dependence of the internal scale (or diffusivity coefficient) persists in the infrared range. Generalization to the velocity field with a finite correlation time is also obtained. Depending on the relation between the exponents in the energy spectrum E ∝ k 1−ε ⊥ and in the dispersion law ω ∝ k 2−η ⊥ , the infrared behavior of the model is given by the limits of vanishing or infinite correlation time, with the crossover at the ray η = 0, ε > 0 in the ε-η plane. The physical (Kolmogorov) point ε = 8/3, η = 4/3 lies inside the domain of stability of the rapid-change regime; there is no crossover line going through this point.
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Introduction
The problem of turbulent advection, being of practical importance in itself, has become a cornerstone in studying fully developed hydrodynamical turbulence on the whole [1]. On [2, 3] -are much stronger pronounced for a passively advected scalar field (temperature of the fluid or concentration of impurity) than for the advecting turbulent field itself. On the other, the problem of passive advection appears easier tractable theoretically. Most remarkable progress was achieved for Kraichnan's rapid-change model: for the first time, the anomalous exponents were derived on the basis of a dynamical model and within controlled approximations [4] [5] [6] [7] .
In Kraichnan's model, the turbulent velocity field is modeled by the Gaussian distribution with the pair correlation function of the form
where P ij = δ ij − k i k j /k 2 is the transverse projector, k ≡ |k| is the wave number, D 0 > 0 is an amplitude factor, d is the dimension of the x space and ξ is an arbitrary exponent. The latter can be viewed as a kind of Hölder's exponent, which measures 'roughness' of the velocity field; the 'Batchelor limit' ξ → 2 corresponds to smooth velocity, while the most realistic (Kolmogorov) value is ξ = 4/3 [1].
The issue of interest is, in particular, the behavior of the equal-time structure functions
of the scalar field θ(t, x) in the inertial range r L, where is the dissipation length and L is the integral turbulence scale. Within the so-called zero-mode approach, developed in [4] [5] [6] [7] , it was shown that in the inertial range the functions (1.2) are independent of the diffusivity coefficient and have the forms:
with negative anomalous exponents n , whose first terms of the expansions in 1/d [4, 5] and ξ [6, 7] are the following:
Thus the functions (1.2) depend on the integral scale and diverge for L → ∞, in contradiction with the classical Kolmogorov theory. In [8] and subsequent papers, the field theoretic renormalization group (RG) and operator product expansion (OPE) were applied to Kraichnan's model; see [9] for the review and references. In the RG approach, the exponent ξ plays the part analogous to that played by ε = 4 − d in Wilson's theory of critical phenomena, while d remains a free parameter. The anomalous scaling for the structure functions emerges as a consequence of the existence in the corresponding operator product expansions of 'dangerous' composite fields (composite operators in the field theoretic terminology) of the form (∂θ ) 2n , whose negative critical dimensions are identified with the anomalous exponents n . This allows one to construct a systematic perturbation expansion for the anomalous exponents and to calculate them up to the orders ξ 2 [8] and ξ 3 [10, 11] . In this paper, the RG + OPE approach is applied to the model of a passive scalar field in a random shear flow: the Gaussian velocity field is oriented along a fixed direction n ('direction of the flow') and depends only on the coordinates in the subspace orthogonal to n. In the momentum space, its correlation function has the form similar to (1.1): vv ∝ δ(t − t )k −d+1−ξ ⊥ , where k ⊥ = |k ⊥ | and k ⊥ is the component of the momentum k perpendicular to n. This model can be viewed as a d-dimensional generalization of the strongly anisotropic
